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Abstract
Background: Accurate assessment of complications is critical in analysing surgical outcomes. The
post-operative morbidity index (PMI), derived from the Modified Accordion Severity Grading System and
American College of Surgeons National Surgical Quality Improvement Program (ACS-NSQIP), is a quan-
titative measure of post-operative morbidity. This study utilizes PMI to establish the complication burden
for a distal pancreatectomy (DP).
Methods: From 2005–2011, nine centres contributed ACS-NSQIP complication data for 655 DPs. Each
complication was assigned an Accordion severity weight ranging from 0.11 for grade 1 to 1.00 for grade
6 (death). The PMI is the sum of complication severity weights divided by the total number of patients.
Results: ACS-NSQIP complications occurred in 177 patients (27.0%). The non risk-adjusted PMI for DP
is 0.087. Bleeding/Transfusion and Organ Space Infection were the most common complications. Fre-
quency and burden differed across Accordion grades. While grade 4–6 complications represented only
15.4% of complication occurrences, they accounted for 30.4% of the burden. Subgroup analysis dem-
onstrates that the PMI did not vary based on laparoscopic versus open approach or the performance of
a splenectomy.
Discussion: This study uses two validated systems to quantitatively establish the morbidity of a DP. The
PMI allows estimation of both the frequency and severity of complications and thus provides a more
comprehensive assessment of risk.
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Introduction
Accurate reporting of post-operative complications is critical
in evaluating surgical outcomes. Although the incidence of
post-operative complications can be discerned fairly reliably,
inconsistencies in documenting both the nature and severity
of post-operative complications have hindered the ability to
compare results. Several grading systems have been devised to
assess the severity of post-operative complications. The T92
(Toronto 1992 or Clavien) grading system was the first severity
grading system described.1 Modifications of T92 including
the Clavien–Dindo system and the Accordion Severity Grading
System followed.2,3
The validity of the Accordion system was assessed by survey-
ing experts using 12 hypothetical surgical case vignettes – each
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conforming to a level of severity defined by the Accordion system.
This process resulted in a slight adjustment known as the Modi-
fied Accordion Classification System.4 Perhaps more importantly,
numerical severity weights that were statistically different were
established for each of the six grades present in the Accordion
scheme. This effort, for the first time, provided a method for
quantifying the severity of post-operative complications.
In addition to a quantitative measure of severity, the ability to
track post-operative outcomes across institutions is facilitated by
standardized definitions of thresholds for complications and
uniform methods for gathering them. Currently, these goals exist
within the American College of Surgeons National Surgical
Quality Improvement Program (ACS-NSQIP) system.5–9 This
programme requires trained data experts to review the medical
record and identify complications that fit within one of 22 rigor-
ously defined categories. This strategy promotes consistency in the
recognition of complications that can be applied across time and
institutions.
The Modified Accordion severity scoring system has been com-
bined with the ACS-NSQIP to create the post-operative morbidity
index (PMI), the first quantitative measure of post-operative
complications at the cohort level.10 In its initial description, the
feasibility of quantitative morbidity scoring was demonstrated for
a variety of common abdominal surgical procedures performed in
a single institution over a 5-year time period.10 The aim of the
present study was to further illustrate the utility of the PMI
concept by determining the PMI for a distal pancreatectomy (DP)
in a multi-institutional fashion. PMI establishes a benchmark for
the morbidity of this procedure that can be referenced across time
and institution and also has the potential to provide a quantitative
assessment of procedural risk for patients.
Patients and Methods
Patient population and data acquisition
A PMI study group was assembled that consists of nine high-
volume pancreatic surgical practices encompassing 42 surgeons.
All were participants in the ACS-NSQIP quality assessment pro-
gramme. Surgeon champions from each of the participating
practices were experienced with severity-based complication
assessment and maintained additional retrospective practice data-
bases. An institutional review board application was written and
approved at the University of Pennsylvania allowing for transfer of
de-identified, pre-existing data between institutions.
Patients who underwent elective, non-traumatic DP between
2005 and 2011 were identified by ACS-NSQIP data abstractors at
each of the nine institutions. As per ACS-NSQIP’s accrual meth-
odology, a percentage of cases are evaluated as chosen indepen-
dently by the ACS-NSQIP raters. Thus, these do not represent
consecutive cases at each institution. To identify the operations,
the following Current Procedural Terminology (CPT) codes were
queried: 48 140, 48 145, 48 146 and 48 999. Cases coded as 48 999
were individually reviewed and included in the analysis only if
they represented minimally invasive DPs. Operative reports were
reviewed for the included patients to further categorize the pro-
cedures (e.g. DP with resection of an adjacent organ). An ACS-
NSQIP data set that included the 22 standardized post-operative
complications was generated at each institution for the included
patients. The ACS-NSQIP methodology has been described in
detail elsewhere.5–9,11 Notably, these complications must occur
within the first 30 days after surgery. In addition, the non-NSQIP
complication of a post-operative pancreatic fistula (POPF) was
also recorded.
Complication severity assignment
For all cases identified as having a ACS-NSQIP complication, the
medical records were reviewed by two members of the investi-
gative team, and complications were graded independently
according to the Modified Accordion Classification System.4 Any
discrepancies between the two reviewers were reconciled by the
senior authors (C.M.V. and S.M.S.). Each complication was given
a grade of 1–6. Numerical severity weightings ranging from 0.11
for a grade 1 complication to 1.00 for a grade 6 complication
(post-operative death) were assigned to each grade as previously
described.4 In accord with the original work developing the PMI,
only the highest grade complication is reported for cases in which
multiple complications occurred.4,10 The other complications
were classified as ‘not highest grade (NHG).’
The NSQIP monitors intra- and post-operative transfusion
as a single outcome. Essentially, a blood transfusion given at
any time from the beginning of a procedure to 72 h later is
logged into the data collection. As this study was concerned
solely with post-operative complications, it was desired to filter
these data. Therefore, the NSQIP-assigned complications of
Bleeding/Transfusion were removed from the analysis if there
was not a post-operative bleeding event (i.e. a blood transfusion
or an intervention to stop bleeding) evident from the practice
database. Stated otherwise, patients who were included in the
NSQIP category ‘Bleeding/Transfusion’ because they had
received blood only intra-operatively were not considered to
have had a post-operative complication for the purposes of this
study.
Surgeon champions were also asked to supplement the ACS-
NSQIP data with other data from the retrospectively-collected
databases. The variables that were used were initially defined for
the study team and interpreted consistently across the partici-
pants. These included additional pre-operative comorbidity data,
intra-operative details, pathological results and procedure-specific
complications not encompassed by ACS-NSQIP during the study
period.
An ACS-NSQIP sponsored Pancreatectomy Demonstration
Project for procedure-specific complications such as a POPF has
occurred nationally, but was initiated after the termination of this
present study.12,13 Therefore, only the original available ACS-
NSQIP definitions for post-operative complications were avail-
able for this study. To be able to evaluate the influence of POPFs in
this study, specific threshold criteria were needed. These were first
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based on the International Study Group (ISGPF) definition14 and
then stratified for severity by the Modified Accordion Grading
System. POPFs were considered clinically relevant (CR-POPF) if
they held a severity grade of 2 or higher.
Quantitative severity weighting and PMI
The Total Burden of complications in the entire population was
calculated by summing the weights of the highest-grade compli-
cation in all patients who sustained a complication.10 The same
value is obtained by summing the burdens of each of the individ-
ual ACS-NSQIP complications. Notably, in some situations a
severity grade could be assigned to two or more complications.
For example, a patient could have a grade 2 complication attrib-
uted to both a urinary tract infection (UTI) and a superficial
incisional surgical site infection (SSI). To address this issue in
these instances, we divided the severity weight equally among
‘tied’ complications: if both a UTI and a superficial incisional SSI
resulted in a grade 2 (0.26) complication in one patient, we
assigned a severity weight of 0.13 to the UTI and 0.13 to the
wound infection.
The Post-operative Morbidity Index was calculated by dividing
the Total Burden by the number of patients in the study. PMI
indicates the average burden of the procedure for all patients
regardless of whether they had a complication. A PMI of zero
would indicate that no patient had a post-operative complication,
whereas a PMI of 1.00 would indicate that every procedure in the
series resulted in a post-operative death.
The Average Burden in Complication-Bearing Patients is the
Total Burden divided by the number of patients who incurred
complications, rather than the total study population. This metric
provides a measure of morbidity in just those patients who actu-
ally suffered a complication.
A Severity Spectrogram is used to display the relationship
between the fraction of complications attributable to each of the
six severity grades and the burden attributable to that grade.
Statistical analysis
The mean PMI of all institutions was calculated as a grand mean
of the PMI of each institution and was weighted by the numbers
of DPs performed in each institution. Likewise, the standard
deviation of the PMI was calculated as the weighted mean of
standard deviations of institutional PMI values. Patient severity
weight (0–1.00) was used as the dependent variable in regressions
seeking correlates to PMI. Categorical variables were tested using
two-sided independent sample t-tests and anova. For continuous
variables, univariate linear regression was used, and variables with
P-values < 0.05 were considered significant. Analyses were per-
formed using SPSS 20.0 (IBM Corp., Armonk, NY, USA).
Results
Demographics and procedural data
From 2005 to 2011, 655 patients underwent a DP. The pre-
operative demographic data and the procedure details for these
patients are summarized in Table 1. The average age was 62 years
(range: 19–92). 59.2% of patients were female. The majority of the
patients were ASA grade 3 or higher. Diabetes was the most preva-
lent comorbidity occurring in 21.5% of patients. No other
comorbidity was present in more than 10% of patients.
Neoadjuvant treatment for malignancy was rare (0.8%). Just over
a fifth of the resections were accomplished in aminimally-invasive
fashion. Themedian estimated blood loss was 300 cc and 15.4% of
patients were transfused. A splenectomy was performed in 516
patients (78.8%). 16% of cases required a resection of an adjacent
Table 1 Demographics and procedure details
Variable Frequency (%)
Pre-operative
Age, years – median (SD) 62 (14.7)
Gender (% Male) 40.8%
ASA – median (SD) 3 (0.54)
BMI – median (SD) 27 (6.6)
Charlson's Comorbidity Index – median (SD) 4.0 (2.5)
Weight loss 7.3%
Alcohol use 2.4%
Steroid use 2.6%
Recent transfusion or operation 0.8%
Neoadjuvant therapy used 0.8%
Functional status (totally/partially dependent) 2.2%
Comorbidities
Diabetes 21.5%
Coronary artery disease 6.9%
Dyspnea 6.6%
COPD 4.3%
Bleeding disorder 3.7%
Neurological disease 2.7%
Congestive heart failure 0.6%
Peripheral vascular diseases 0.5%
Operative
Epidural 20.2%
Minimally invasive approach 21.7%
Multivisceral resection 16.0%
Splenectomy 78.8%
Vascular procedure performed 6.6%
Intra-peritoneal operative drain placed 81.5%
Wound class (contaminated & dirty/infected) 9.0%
Operative transfusion 15.4%
Malignancy 46.3%
EBL (ml) – median (SD) 300 (983)
Fluids (ml) – median (SD) 3400 (1992)
ASA, American Society of Anesthesiologists; BMI, body mass index;
COPD, chronic obstructive pulmonary disease; EBL, estimated blood
loss.
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organ – typically a portion of the stomach, the adrenal gland,
and/or the left kidney. The median duration of stay was 6 days,
and the 30-day readmission rate was 15.4%. Malignancy was the
final pathological diagnosis in 303 patients (46.3%) whereas 352
patients had a benign diagnosis. Cystic pathologies were evident
in 288 patients (44%).
Frequency of complications
The occurrence of all ACS-NSQIP complications by severity
grade is shown in Table 2, including complications that were
not of the highest grade. Both the total number of each compli-
cation and the per cent of total complications made up by each
ACS-NSQIP complication are included. Four hundred and
seventy-eight patients (73%) had no complications. A total of 295
ACS-NSQIP complications occurred in 177 cases. Seventy-one
patients (10.8%) had more than one complication. Five ACS-
NSQIP categories accounted for nearly 30% of the total number
of complications: bleeding/transfusion, organ space infection
(OSI), sepsis, superficial incisional surgical site infection and UTI.
Bleeding and OSI were the most common complications, each
occurring in 7.2% of patients. However, while 80% of bleeding
events were Accordion grades 1–2, 37 OSIs (82.2%) were grade 3
or higher in severity and thus required an intervention or resulted
in organ system dysfunction. When viewed by grade, grade 2
complications were the most common.
The mortality rate for a DP was 0.6%. That low rate is in spite
of the fact that over 100 cases required a multi-visceral resection
and a vascular procedure was required in nearly 50 patients.
Accordion Severity Grade 4–6 complications in general tended to
be uncommon. Only 28 of these complications occurred as the
highest grade in the 655 cases. The most common were septic
shock, respiratory insufficiency and death; each occurred in four
patients. No ACS-NSQIP complication category was responsible
for more than four grade 4–6 complications.
Table 2 Frequency and severity of National Surgical Quality Improvement Program (NSQIP) complications
Complication Frequency (%)a Accordion Severity Grade (severity weight)
NHGb 1 (0.11) 2 (0.26) 3 (0.37) 4 (0.60) 5 (0.79) 6 (1.00)
Bleeding/transfusion 47 7.2% 17 0 24 3 2 1 0
Organ space SSI 47 7.2% 2 1 7 35 2 0 0
Sepsis 36 5.5% 23 0 6 5 2 0 0
Superficial incisional SSI 32 4.9% 10 12 9 1 0 0 0
Urinary tract infection 28 4.3% 9 0 19 0 0 0 0
Pneumonia 14 2.1% 6 0 6 0 2 0 0
DVT 14 2.1% 6 0 6 2 0 0 0
On ventilator >48 h 13 2.0% 8 0 1 0 4 0 0
Septic shock 13 2.0% 5 1 3 0 2 2 0
Unplanned intubation 12 1.8% 8 0 1 1 2 0 0
Pulmonary embolism 12 1.8% 6 0 5 0 1 0 0
Wound disruption 6 0.9% 3 1 0 0 2 0 0
Deep incisional SSI 4 0.6% 3 0 1 0 0 0 0
Death 4 0.6% 0 0 0 0 0 0 4
Cardiac arrest requiring CPR 4 0.6% 3 0 1 0 0 0 0
Acute renal failure 3 0.5% 2 0 0 0 1 0 0
Myocardial infarction 2 0.3% 1 0 1 0 0 0 0
Progressive renal insufficiency 2 0.3% 1 1 0 0 0 0 0
Other Occ 1 0.2% 0 1 0 0 0 0 0
Stroke/CVA 1 0.2% 0 0 0 0 0 1 0
Coma 0 0.0% 0 0 0 0 0 0 0
Peripheral nerve injury 0 0.0% 0 0 0 0 0 0 0
Graft prosthesis/flap failure 0 0.0% 0 0 0 0 0 0 0
All Complications 295 113 17 90 47 20 4 4
aRepresents percentage of all patients in the series (N = 655).
bNot Highest Grade – complication occurred but was not the most severe complication the patient suffered.
There were 12 patients with multiple complications of the highest grade (e.g. ‘ties’). There were eleven two-way ties and one three-way tie. In those
circumstances, Burden was divided evenly among tied complications as described in the Methods.
SSI, surgical site infection; CPR, cardiopulmonary resuscitation; CVA, cerebral vascular accident.
918 HPB
HPB 2014, 16, 915–923 © 2014 International Hepato-Pancreato-Biliary Association
Average burden of a complication
Table 3 summarizes the contribution of each ACS-NSQIP com-
plication and of each Accordion grade to burden in this series.
As previously described, burden is calculated by assigning points
to a complication depending on its severity.4 The severity points
per complication grade are shown in the header row of Table 2.
As discovered previously,10 each type of complication can span
more than one severity grade. Thus, the severity of complica-
tions is not necessarily reflected by their frequency. For instance,
although OSI represented only 7.2% of overall complications,
it contributed 26.1% of the burden. In the case of OSI, the
frequent need for intervention accounts for the conside-
rable contribution to burden. Other significant ACS-NSQIP
complications by average burden in the series were bleeding/
transfusion (15.6%), UTI (8.7%), death (7.0%) and superficial
SSI (6.8%).
Also presented in Table 3 is the contribution of each Accor-
dion grade to overall burden. Grade 2 complications, which
accounted for almost 50% of complications by incidence
(Table 2), received the highest number of severity points and
thus contributed most to burden (38.3%), Grade 4–6 complica-
tions were much less common but they were responsible for
30.4% of the overall burden. In contrast, grade 1 complica-
tions made up a fair percentage of complications (10.1%),
but their contribution to burden was trivial (3.3%). This dispar-
ity between the incidence of particular Accordion grade compli-
cations and their contribution to burden is illustrated in the
Severity Spectrogram (Fig. 1).
Calculating the post-operative morbidity index
The total burden of complications is calculated in Table 3 using
the severity weights for each complication. In aggregate, the total
number of severity points for this series is 56.98. This number
divided by the total number of cases, 655, is the severity points per
case – also known as the PMI. The PMI for a DP in this multi-
institutional series is 0.087.
As noted previously, the majority of procedures had no com-
plications; only 177 cases had a complication. Thus, the Average
Burden in Complication-Bearing Patients was 0.322. Based on this
Table 3 Weighted burden of National Surgical Quality Improvement
Program (NSQIP) complications, % contribution to total burden, and
% of total burden contributed by each accordion severity grade
Complication Total severity
weight (burden)
% contribution
to overall burden
Organ Space SSI 14.87 26.1%
Bleeding/Transfusion 8.91 15.6%
Urinary Tract Infecton 4.94 8.7%
Death 4.00 7.0%
Superficial Incisional SSI 3.90 6.8%
Sepsis 3.44 6.0%
Septic shock 2.94 5.2%
On Ventilator >48 h 2.53 4.4%
DVT 2.30 4.0%
Pneumonia 2.20 3.9%
Pulmonary Embolism 1.73 3.0%
Unplanned intubation 1.53 2.7%
Wound disruption 1.31 2.3%
Stroke/CVA 0.79 1.4%
Acute Renal Failure 0.60 1.1%
Deep incisional SSI 0.26 0.5%
Myocardial Infarction 0.26 0.5%
Cardiac arrest requiring CPR 0.26 0.5%
Other Occ 0.11 0.2%
Progressive renal insufficiency 0.11 0.2%
Coma 0.00 0.0%
Peripheral Nerve Injury 0.00 0.0%
Graft Prosthesis/Flap Failure 0.00 0.0%
Total 56.98 100
Accordion Grade
Grade 1 1.87 3.3%
Grade 2 21.84 38.3%
Grade 3 15.91 27.9%
Grade 4 10.20 17.9%
Grade 5 3.16 5.5%
Grade 6 4.00 7.0%
Total 56.98 100%
SSI, surgical site infection; CPR, cardiopulmonary resuscitation; CVA,
cerebral vascular accident.
0
0%
5%
10%
15%
20%
25%
30%
35%
40%
45%
50%
1 2
Accordion grade
% of total complications Burden of complications
3 4 5 6
Figure 1 The Severity Spectrogram for distal pancreatectomy. The
Severity Spectrogram displays the relationship between the fraction
of complications attributable to each of the six severity grades and
the burden attributable to each grade
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analysis a patient could be informed pre-operatively that their
chance of any complication is 27% (177/655). If a complication
were to occur, its severity on average would be 32.2 on a scale
of 100.
Figure 2 provides the non-risk adjusted institutional PMI for a
DP across the nine centres that contributed to this study (range:
0.065 to 0.119; P = 0.407). The grand mean PMI of 0.087 with a
SD of 0.011 from these nine institutions establishes a quantitative
benchmark for complications of a DP in high-volume centres
within the United States.
Factors associated with the PMI
Table 4 summarizes those variables that significantly influenced
morbidity on univariate analysis based on the PMI in the presence
versus the absence of the variable under consideration. No differ-
ence was observed for most common comorbidities (diabetes,
chronic obstructive pulmonary disease, coronary artery disease
and bleeding disorder) with the exception of neurological disease.
Pre-operative jaundice, haematocrit, platelet count and interna-
tional normalised ratio were not associated with post-operative
morbidity, but pre-operative leukocytosis, elevated serum glut-
amic oxaloacetic transaminase, elevated alkaline phosphatase
levels and decreased albumin were. Operative time, operative
approach (minimally invasive versus open), the need for vascular
resection and drain placement had no effect on post-operative
morbidity, nor did the performance of a splenectomy (P = 0.946).
Multivisceral resections involving the colon were more morbid
(P = 0.041), whereas those requiring a nephrectomy were not
(P = 0.961). PMI was noted to increase significantly with consid-
erable blood loss and when concurrent procedures were per-
formed. The pathological diagnosis did not influence post-
operative morbidity (P = 0.656). While PMI varied significantly
between individual surgeons in the series (P = 0.023), surgical
experience, assessed as both continuous and discretized (5-years
intervals) variables, did not influence PMI.
PMI and POPF
Currently ACS-NSQIP does not account for procedure-
specific complications. In the case of a pancreatectomy, this
is best illustrated by a PF. Although a POPF is perhaps the most
important technique-related complication in pancreatic surgery,
it was not accounted for by ACS-NSQIP during the period
of this study. A POPF is, however, frequently associated with
standardized ACS-NSQIP complications (e.g. OSI or sepsis).
Because of the potential significance of POPF in a DP, its effect
on PMI was determined in this study by applying practice-level
data.
In this series, a POPF of any kind was noted after 22.7% of
procedures; 9.2% (N = 60) were clinically-relevant fistulae. The
presence of any POPF, and especially a CR-POPF, was strongly
associated with post-operative morbidity. PMI in the absence of a
POPF was 0.066, whereas PMI in the presence of any fistula was
0.161. PMI rose to 0.294 for patients who suffered a CR-POPF
(both P < 0.001 compared with no fistula).While the overall PMI
in this study was 0.087, that value rose to 0.106 when baseline
NSQIP complications were augmented by POPF data accrued
from the individual centres’ databases.
A
(n = 60)
B
(n = 88)
C
(n = 14)
D
(n = 89)
E
(n = 78)
Institution (number of procedures)
F
(n = 182)
G
(n = 48)
H
(n = 73)
I
(n = 23)
0
0.02
0.04
0.06
P
M
I
0.08
0.1
0.12
0.14
Figure 2 Post-operative Morbidity Index (PMI) for distal pancreatectomy by institution
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Discussion
Accurate, generalizable reporting of post-operative complications
has thus far been difficult to achieve. Traditionally, these outcomes
have often been reported as lists with their severity oftenmeasured
using non-specific terms such as ‘minor,’ ‘major,’ or ‘severe’. Clas-
sification systems for complications began with the T92 (Clavien)
classification that introduced the concept of severity grading using
objective criteria.1 This approach was furthered when the Dindo
modification and Accordion Severity Grading System were pub-
lished.2,3 The PMI concept illustrated here has several advantages
over these prior methods. First, it is based upon ACS-NSQIP.
Complications are therefore identified in a rigorous, meticulous
fashion by trained agents, and definitions for these complications
have been standardized. Most importantly, this process sets a
threshold for every complication which was previously dependent
on subjective judgments. Second, PMI is quantitative and thus
represents an advance over the use of imprecise, non-specific
qualitative terms. Third, it accounts for the fact that complications
of one type can have varying impact across the severity spec-
trum.4,10 Lists of complications by frequency do not relate their
severity. Fourth, it is generalizable. Because ACS-NSQIP method-
ology can be applied across institutions, PMI can be calculated at
any major centre that participates.
In this study, complications after a DP at nine major centres
across the United States were thoroughly reviewed. While these
DPs were not all the patients consecutively treated at these centres,
the 30-day mortality rate was an acceptable 0.6% and almost 75%
of the patients suffered no complication. Furthermore, Accordion
grade 4–6 complications were infrequent (15.4% of all complica-
tions). These data suggest that a DP when performed at major
centres is a relatively safe operation. This work further demon-
strates that the incidence of complications does not fully reflect
their severity – a central tenant of the PMI concept (Fig. 1).While
grade 4–6 complications were uncommon, they contributed dis-
proportionately to the morbidity experienced by patients
(30.4%). These findings in aggregate are quantified as the postop-
erative morbidity index – a severity score accounting for all com-
plications after a procedure in any particular cohort studied.
Using ACS-NSQIP as the platform for complication grading, the
PMI for DP is 0.087, and the Average Burden in Complication-
Bearing Patients is 0.322. Based upon our data, a patient could be
informed pre-operatively that their chance of any complication is
27%, and if a complication were to occur, its severity on average
would be 32.2 on a scale of 100.
The PMI for DP was calculated in a multi-institutional fashion
from nine major pancreatic surgical specialty centres. This estab-
lishes a benchmark for the burden of morbidity of DP in high-
volume institutions and illustrates the potential of the PMI to
evaluate institutions in operative outcomes. Centres in which the
PMI is higher than two standard deviations above 0.087 have
fallen short of the standard set. Analogously, those who measure
lower can be seen as exemplary performers. The PMI can also be
Table 4 Factors associated with increased Post-operative Morbidity
Index (PMI) (P < 0.05), and PMI observed in each subpopulation
Variable N PMI P-value
Predictor variables
Patient demographics
BMIa 0.024
Pre-op radiation treatment <0.001
No 650 0.088
Yes 5 0.000
Comorbidities
Neurological disease 0.01
No 637 0.083
Yes 18 0.214
Preoperative lab values
WBCa 0.011
SGOTa <0.001
Alk Phosa 0.003
Albumina 0.006
Operative factors
Surgeonb 0.023
Multivisceral Resection 0.041
None 550 0.082
With Added Colon Resection 16 0.212
EBL (ml) 0.011
0–500 431 0.080
501–1000 117 0.082
1001–1500 31 0.114
1501–2000 13 0.089
2000+ 22 0.221
Concurrent Procedures (per NSQIP) <0.001
0 638 0.083
1 12 0.124
2 4 0.550
6 1 0.370
Other Outcome Metrics
Unplanned Return to OR <0.001
No 630 0.076
Yes 22 0.419
Duration of stay (days) <0.001
1–7 473 0.061
8–14 138 0.104
15–21 19 0.268
22–28 12 0.262
28+d 9 0.589
30-day readmission <0.001
No 554 0.064
Yes 101 0.215
aAssessed as a continuous variable.
bBased on ANOVA comparison of PMI from 42 individual surgeons.
EBL, estimated blood loss; OR, operating room.
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used to track outcomes over time. DP is a long-standing, well-
developed procedure, and its morbidity when done in a tradi-
tional fashion may not change. However, in recent years, a variety
of alternative approaches are being applied even in technically
demanding situations. In this work, no distinct differences could
be discerned for technical variations such as minimally invasive
approaches or splenic preservation. The PMI provides a standard
of morbidity to be referenced as technical advances are scrutinized
and adopted.
In spite of its advantages, flaws exist in the calculation of the
PMI that will be addressed moving forward. The PMI is not yet
risk adjusted. Thus, the PMI at any particular institution may
reflect the physiological or demographical parameters of its
patients but does not account for these differences. In this study,
pre-operative variables associated with significant differences in
PMI are identified. However, multivariate modelling, necessary as
a platform for risk adjustment, is a complex process in that the
PMI is not a dichotomized outcome metric. Second, the PMI is
calculated using the ACS-NSQIP system. This system is advanta-
geous in that it is rigorous, it reliably identifies post-operative
complications and it can be applied across institutions. However,
ACS-NSQIP is not ubiquitous worldwide, and the system does
have its drawbacks. A recent study that cross-validated ACS-
NSQIP outcomes with an institutional database identified dis-
cordance in complication assessment between the two.15 Notably,
this was most significant in the area of bleeding/transfusion.
Modified application of this complication was also deemed nec-
essary here. Discordance also existed to a lesser degree for other
complications. A second disadvantage is that ACS-NSQIP did not
fully account for procedure-specific complications such as pan-
creatic leak, delayed gastric emptying, bile leaks and others at the
time of this study. The present work showed that when ACS-
NSQIP was augmented with POPF data derived from practice
data sets, a considerable increase (20%) was observed in the
overall PMI.
While the utilization of ACS-NSQIP in calculating the PMI is
subject to these imperfections, no alternative system for identify-
ing complications across institutions in rigorous, reliable fashion
is available. The advantages of NSQIP at this point outweigh its
disadvantages. The need for a hepatopancreatobiliary-specific
ACS-NSQIP has been suggested elsewhere,13,15 and we expect that
the PMI will become even more accurate as procedure-specific
iterations emerge. An ACS-NSQIP Pancreas Demonstration
Project has illustrated the feasibility of collecting pancreas-specific
data.12
When multiple complications occurred in one patient, only the
highest grade complication was scored. The Modified Accordion
Grading System has six statistically separated grades developed by
expert opinion. While scoring the burden of multiple complica-
tions in one patient in aggregate is possible, it is difficult to main-
tain statistically different grade levels and to do so without
manipulating the input of the expert utility graders. A method of
calculating the total burden of multiple complications – which we
have done using utility grading – has recently been published.16
This was achieved by adjusting the input of the graders and allow-
ing some overlap of the grades. Thus, grading multiple complica-
tions collectively is feasible but comes at the stipulated cost. Future
work should be directed at uniting the best parts of these
methods.
In summary, the PMI has been utilized to define the unad-
justed burden of DP in a multi-institutional fashion. A bench-
mark has been established which can be referred to for the
performance of this operation across time and institution.
Furthermore, a quantitative morbidity estimate has been estab-
lished that has the potential to be used in discussing the risk
of this procedure with patients and for comparative research
purposes.
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